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PDGH IURP UHQHZDEOHHQHUJ\ VRXUFHV WREHHQYLURQPHQWDO HFRQRPLFPDWHULDO IURP WKH VWUDZRURWKHU DJULFXOWXUDO
ZDVWH'HYHORSPHQW RI FRPSRXQG HFRORJLFDOPDWHULDOVZLOO VROYH WKH SUREOHP RI FRQVWUXFWLRQZDVWH 7KH\ GRQ¶W
LQFUHDVHHQYLURQPHQWDOEXUGHQE\QDWXUDOGHJUDGDWLRQWRUHDOO\DFKLHYHJUHHQQRQSROOXWLRQVXVWDLQDEOHGHYHORSPHQW
7RDGGWKHKXPLGLW\FRQWUROOLQJPDWHULDOV LQ WKHEXLOGLQJLQQHUVXUIDFHFDQDVVLVWDLUFRQGLWLRQLQJV\VWHPUXQQLQJ
XQGHUWDNLQJSDUW RI WKHZHW ORDG UHGXFLQJ WKH DLU FRQGLWLRQLQJ ORDG WREHDU ODWHQW KHDW UHGXFLQJEXLOGLQJ HQHUJ\
FRQVXPSWLRQ,GHDOKXPLGLW\FRQWUROOLQJPDWHULDOVVKRXOGKDYHKLJKGHEXJJLQJHIILFLHQF\KLJKDEVRUSWLRQFDSDFLW\
DQGFKHDSJUHHQFKDUDFWHULVWLFV
1.1. Humidity-controlling materials category 
+XPLGLW\FRQWUROOLQJPDWHULDOV DSSO\ WRGLIIHUHQW VFRSHVRI DSSOLFDWLRQGXH WR UHVSHFWLYHFKDUDFWHULVWLFV7KH\
FDQEHGLYLGHG LQWRFKHPLFDODQGSK\VLFDODGVRUSWLRQE\DGVRUSWLRQRUJDQLFDQG LQRUJDQLFGHSHQGLQJRQPDWHULDO
YDULHWLHV QDWXUDO DQG V\QWKHWLFPDWHULDOV DFFRUGLQJ WR WKH SUHSDUDWLRQPHWKRG>@ +XPLGLW\FRQWUROOLQJPDWHULDOV
FDWHJRU\LVVKRZQLQ7DEOHGHSHQGLQJRQWKHGRPHVWLFDQGIRUHLJQVFKRODUVLQWKHILHOG
7DEOH+XPLGLW\FRQWUROOLQJPDWHULDOVFDWHJRU\























































































WKH ZDWHU YDSRU EUHDNV DZD\ IURP KROHV WKHQ UHOHDVHV LQWR WKH VXUURXQGLQJ DLU 7KH KXPLGLW\FRQWUROOLQJ
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PHFKDQLVPVRISRO\PHUKXPLGLW\FRQWUROOLQJPDWHULDOV LV WKDWRUJDQLFPROHFXOHZLWKSRODUJURXSLQ WKHKXPLGLW\
FRQWUROOLQJPDWHULDOV FRPELQHZLWK WKHZDWHUPROHFXOHV LQ WKHDLUE\9DQGHU:DDOVDQGK\GURJHQERQGLQJ7KH
KXPLGLW\FRQWUROOLQJ HIIHFW RI LQRUJDQLF VDOW KXPLGLW\FRQWUROOLQJ PDWHULDOV LV GHFLGHG E\ WKH VDWXUDWLRQ YDSRU
SUHVVXUH7KHORZHUWKHVDWXUDWHGYDSRUSUHVVXUHLVWKHZHDNHUDEVRUSWLRQFDSDFLW\LV>@7KHKXPLGLW\FRQWUROOLQJ
PDWHULDOV LQ WKH IRUP RI FRDWLQJ RU VKHHW DUH DGGHG LQWR WKH LQVLGH VXUIDFH RI EXLOGLQJ +XPLGLW\FRQWUROOLQJ
PDWHULDOVFDQFRQWUROWKHZDWHUYDSRUFRQWHQWE\³KLJKO\DEVRUEDQGORZO\GHVRUE´VRWKDWWKH\FDQUHGXFHLQGRRU
KXPLGLW\ IOXFWXDWLRQV WKHQ WKH LQGRRU KXPLGLW\ LV DGMXVWHG LQ WKHKXPDQ FRPIRUW UDQJH0HDQZKLOH WKH\JUHDWO\
UHGXFHWKHODWHQWKHDWORDGZKLFKDLUFRQGLWLRQLQJV\VWHPQHHGWRUHPRYHWRVDYHHQHUJ\DQGUHGXFHH[KDXVW)LJ
LVDPRLVWXUHDEVRUSWLRQDQGGHVRUSWLRQLVRWKHUPFXUYHRILGHDOKXPLGLW\FRQWUROOLQJPDWHULDOV:KHQWKHLQGRRU5+
LV LQIHULRU WR ĭ KXPLGLW\FRQWUROOLQJ PDWHULDOV TXLFNO\ GHVRUE PRLVWXUH WKHQ ZDWHU FRQWHQW LQ WKH PDWHULDOV
GHFUHDVHV VR WKDW LQGRRU 5+ LQFUHDVHV:KHQ WKH LQGRRU 5+ LV KLJKHU WKDQ ĭ KXPLGLW\FRQWUROOLQJ PDWHULDOV
TXLFNO\DEVRUEPRLVWXUH WKHZDWHUFRQWHQWLQWKHPDWHULDOVLQFUHDVHVVRWKDWLQGRRU5+GHFOLQHV:KHQWKHZDWHU
FRQWHQWRIWKHPDWHULDOVLVFRQWUROOHGEHWZHHQ8DQG8LQGRRU5+LVPDLQWDLQHGZLWKLQĭWRĭ,IUHJXODWLYH










FRQGLWLRQ7KHPD[LPXPKHDWLQJVXSSO\DLU WHPSHUDWXUH LVć7KHPLQLPXPFRROLQJVXSSO\DLU WHPSHUDWXUH LV
ć 7KHPD[LPXPKHDWLQJ VXSSO\ DLU KXPLGLW\ UDWLR LV NJΦZDWHUNJΦGU\ DLU7KHPLQLPXPFRROLQJ
VXSSO\DLUKXPLGLW\UDWLRLVNJΦZDWHUNJΦGU\DLU7KHRIILFHWHPSHUDWXUHLVFRQWUROOHGE\EHWZHHQć WR
ć 
321 Shui Yu et al. /  Procedia Engineering  146 ( 2016 )  318 – 326 
                                            )LJ$UFKLWHFWXUDOPRGHO
,Q RUGHU WR DQDO\]H GLIIHUHQW KXPLGLW\FRQWUROOLQJ PDWHULDOV SHUIRUPDQFH WKLV SDSHU DGGV ILYH GLIIHUHQW W\SH
KXPLGLW\FRQWUROOLQJPDWHULDOV LQWR EXLOGLQJ LQVLGHZDOO 7KH\ LQFOXGHJ\SVXPERDUGPRUWDU VSUXFHZRRG ILEHU
ERDUG OLJKW FOD\PRUWDU DQG SDLQWLQJ DV FRQWUROJURXS 3K\VLFDOSURSHUW\SDUDPHWHU RI PDWHULDOV LV UHIHUUHG IURP
,')HGLWRUGDWDVHW LQ(QHUJ\3OXVPDWHULDO LQIRUPDWLRQ LQ&KDPSVDQG$6+5$(53GDWDEDVHV >@([WHUQDO
ZDOODQGURRIFRQVWUXFWLRQLVVKRZQLQ)LJDQG)LJ:KHUHLQ/LJKWFOD\PRUWDULQJUHGLHQWVKDYHDOLWWOHRIFOD\
ZLWK FRPSDULQJ ZLWK PRUWDU JURXS :RRG ILEHU ERDUG DGGV LQWR VRPH JRRG KXPLGLW\ FRQWURO SHUIRUPDQFH RI
SODQWILEHUFRPSDULQJZLWKVSUXFHJURXS





3.1. Human comfort analysis 
:LWK WKH GHYHORSPHQW RI VRFLHW\ OLYLQJ VWDQGDUGV JUDGXDOO\ LPSURYHV 3HRSOH FRPIRUW UHTXLUHPHQWV LQ WKH
EXLOGLQJ JHW KLJKHU DQG KLJKHU 7KH KLJKTXDOLW\ RI DLU FRPIRUWDEOH WHPSHUDWXUH DQG KXPLGLW\ HQYLURQPHQW
UHDVRQDEOH DLU GLVWULEXWLRQ FDQ PDNH ERG\ LQ D QRUPDO SK\VLRORJLFDO UDQJH ,W FDQ H[SHQG PLQLPDO HQHUJ\
FRQVXPSWLRQWRPD[LPL]HIXQFWLRQWRUHGXFHIDWLJXHDQGLPSURYHZRUNHIILFLHQF\
,Q WKLV VHFWLRQ LQGRRU 5+ LV VLPXODWHG ZKHQ HQYHORSH LQVLGH VXUIDFHV DUH DGGHG VHYHUDO GLIIHUHQW KXPLGLW\




LQFOXGLQJ FHQWUDOL]DWLRQ DQG VHPLFHQWUDOL]DWLRQ *URXS )LJ  LV VKRZQ LQGRRU 5+ FXUYHV LQ WKLV IRUP RI DLU
FRQGLWLRQHG,WLVJHQHUDOO\FRQVLGHUHGWKDW5+PHHWKXPDQKHDOWKDQGFRPIRUWVWDQGDUGV,WLVVDLGWKDW
5+LQVXPPHUDQG5+LQZLQWHUDUH UXOHG LQDFRPIRUWDEOHDLUFRQGLWLRQHGURRP LQKHDWLQJ








LPSURYHG LQ RWKHU ILYH JURXSV DGGLQJ KXPLGLW\FRQWUROOLQJ PDWHULDOV 7KH LQGRRU KXPLGLW\ IOXFWXDWLRQV LQ WKH
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
)LJ,QGRRU5+XQGHUFHQWUDODLUFRQGLWLRQLQJFRQWUROOLQJ
*URXS)LJ LV VKRZQ WKDW LQGRRUDLU5+LVFRQWUROOHGEHWZHHQDQG,W LV LOOXVWUDWHG WKDWKXPLGLW\






WKH WLPH RI5+ FORVLQJ WR  LVPRUH 6R WKHVH WZR JURXSV KDYH EHWWHU SHUIRUPDQFH WKDQRWKHUV7KH VWURQJHU
SHUIRUPDQFHLVWKHEHWWHUFRQWUROLV
3.2. Zone load and annual energy consumption analysis 
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)LJ=RQH,GHDO/RDGV

$FFRUGLQJ WR DERYH ORDG HQHUJ\ FRQVXPSWLRQ SLFWXUHV ZH FDQ VHH DV VHYHUDO KXPLGLW\FRQWUROOLQJ PDWHULDOV
JURXS RSWLPL]H KXPLGLW\SHUIRUPDQFH VHQVLEOH KHDWLQJ HQHUJ\ DQG ODWHQW FRROLQJ HQHUJ\ KROG GRZQZDUG WUHQG
ZKLOH ODWHQWKHDWLQJHQHUJ\DQGVHQVLEOHFRROLQJHQHUJ\GRQRWFKDQJHVLJQLILFDQWO\2YHUDOO WRWDOKHDWLQJHQHUJ\
DQGWRWDOFRROLQJHQHUJ\KDVUHGXFHGDVKXPLGLW\FRQWUROOLQJLQJUHGLHQWVLQFUHDVLQJ:HFDQFRQFOXGHWKDWKXPLGLW\
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3.3. Economic analysis 
,QUHVSRQVHWRSUHYHQWJOREDOZDUPLQJ&KLQDSURPRWHJUHHQEXLOGLQJVWUDWHJLHV(VWDEOLVKLQJDUHVRXUFHVDYLQJ
DQGHQYLURQPHQWIULHQGO\VRFLHW\WRDFKLHYHVXVWDLQDEOHGHYHORSPHQWIRUDUFKLWHFWXUH>@+RZHYHUIDFLQJWKHFRVW
RI JUHHQ PDWHULDOV DUH RIWHQ UHODWLYHO\ H[SHQVLYH 7KLV DWWHQGDQW SUREOHP DOVR KLQGHU WKH GHYHORSPHQW RI JUHHQ






/&& OLIH F\FOH FRVW UHIHUV WR WKHEXLOGLQJ FRVW IURPPDWHULDO DFTXLVLWLRQPDWHULDO WUDQVSRUWEXLOGLQJGHVLJQ
FRQVWUXFWLRQ XVHRSHUDWLRQPDLQWHQDQFH DQGGLVPDQWOLQJ UHFRYHU\GXULQJ WKH HQWLUH F\FOH/LIH F\FOH FRVW RI WKH
EXLOGLQJ LVFRQWLQXRXVJHQHUDWHFRVW IRUD ORQJSHULRGDQG WKHYDOXHRIPRQH\ZLOO FKDQJHZLWK WLPH ,QRUGHU WR
FRUUHFWO\ HYDOXDWH WKH HFRQRPLF HIIHFWVZHQHHG WR WDNHPRQH\ DW GLIIHUHQW SRLQWV LQWRPRQH\ DW WKH VDPH WLPH
&RPSDUHWKHFRVWEDVHRQVDPHIRXQGDWLRQ>@,Q WKLVVWXG\FRPPRQO\XVHGSHULRGLQUHVLGHQWLDOFRQVWUXFWLRQLV
JHQHUDOO\\HDUVDVDUHVHDUFKF\FOHFRQVLGHULQJWKHWLPHYDOXHRIPRQH\%XLOGLQJFRVWXVLQJVHYHUDOPDWHULDOV
DUH DQDO\]HG E\ FRQYHUWLQJ OLIH F\FOH FRVW WR WKH EHJLQQLQJ WLPH SRLQW %\ FRPSDULQJ WKH HFRQRPLF FRVWV HOHFW
KXPLGLW\FRQWUROOLQJPDWHULDOZLWKWKHEHVWFRPSUHKHQVLYHEHQHILW)LJLVVKRZQWKHOLIHF\FOHFRVWV
$FFRUGLQJWRWKH)LJZHILQGFRQVWUXFWLRQFRVWXVLQJKXPLGLW\FRQWUROOLQJPDWHULDOVKDVOLWWOHGLIIHUHQFHZLWK
WKH FRQWURO JURXS ,QJHQHUDO WKHZRRGPDWHULDO SULFH LV VOLJKWO\KLJKHU WKDQJ\SVXPDQGPRUWDU2SHUDWLQJ FRVW
DFFRUGZLWK EXLOGLQJ HQHUJ\ FRQVXPSWLRQ+XPLGLW\FRQWUROOLQJPDWHULDOV KDYHREYLRXV DGYDQWDJHV WRSXUVXLW WKH
PD[LPXP FRPSUHKHQVLYH EHQHILWV /LIH F\FOH FRVW VDYLQJ LV XS WR  5HF\FODEOH PDWHULDOV DQG VXVWDLQDEOH
PDWHULDOVDUHWKHPRVWSURPLQHQWLQWKHKXPLGLW\FRQWUROOLQJPDWHULDOV
&RQFOXVLRQ






UHPDUNDEOH 7KH EHWWHU WKH SHUIRUPDQFH RI WKH KXPLGLW\FRQWUROOLQJ PDWHULDO LV WKH VPDOOHU EXLOGLQJ HQHUJ\
FRQVXPSWLRQ LV ,Q HFRQRPLF WHUPV XVLQJKXPLGLW\FRQWUROOLQJPDWHULDOV KDYH DJUHDW DGYDQWDJH DJDLQVW SDLQWLQJ
VWXFFREXLOGLQJRQOLIHF\FOHFRVW/LIHF\FOHFRVWVDYLQJVLVXSWR7KHFRQVWUXFWLRQFRVWRIGLIIHUHQWKXPLGLW\




:KLOH GRPHVWLF DQG IRUHLJQ VFKRODUV KDYH EHHQ ZRUNLQJ RQ KHDW DQG PRLVWXUH WUDQVIHUULQJ SHUIRUPDQFH RQ









QHHG WR WDNLQJ LQWR DFFRXQW YDULRXV SDUDPHWHUV DIIHFWHG E\ KXPLGLW\FRQWUROOLQJ PDWHULDOV WR VHOHFW WKH VXSHULRU
KXPLGLW\FRQWUROOLQJPDWHULDOV
$FNQRZOHGJHPHQWV 
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